Introduction
MS is primarily an autoimmune disease involving several arms of the cellular and humoral immune systems resulting ultimately in axonal degeneration. The disease prevalence has been on the rise in several areas around the world including the Middle East (1, 2) .
The diagnosis requires proof of the disease activity on sequential examinations and central nervous system magnetic resonance imaging (MRI). The incidence rises particularly between the ages of 20 and 45. The etiology and triggers of the disease remain poorly defined. Genetic, viral along with environmental factors are possible candidate etiologies of the disease (3, 4) .
The effector cells include different categories of the Tlymphocytes, B-lymphocytes, Natural killer cells, and the oligodendrocytes. The deregulated immune inflammatory mediators include IFN-γ, tumor necrosis factor (TNF), and several interleukins. This unusual combination of abnormally acting cells and factors interact in a very complex schema to produce the clinical manifestations of MS (4) (5) (6) (7) .
The myelin generating, supporting and feeding cells, the oligodendrocytes, are attacked by this immune army, leading to thinning and disappearance of the myelin sheath. The degradation of myelin gradually leads to electrical instability, poor axonal conduction and functional aberrations along the whole neuron (4) . This process starts with inflammation and ends with axonal degradation and dysfunction.
Depending on the location and degree of damage, the lesions show up along the white matter and its tracts in the CNS in order of frequency along the basal and lateral ganglia, brain stem, spinal cord, and optic nerves. The symptoms correlate with the damage at the level of the corresponding neurons. The symptoms start with weakness and tingling at random sites of the body. Muscle spasms, visual problems (nystagmus, diplopia…), chronic pain, dizziness, headaches, dysarthria, dysphagia, urinary and bowel incontinence are some of those manifestations (4, 7) .
The patterns and severity of the symptoms are grouped into four subtypes (8):
1. The Relapsing Remitting MS (RRMS): Affects almost 80% of the patients with a course of flare-ups alternating with improvements. The symptoms are dynamic and sometimes abrupt with differing degrees of recovery and periods of stability or slow progression.
Primary progressive MS (PPMS):
The course is usually progressive despite pharmacotherapy. This type affects about 10% of the patients.
3. Secondary progressive MS (SPMS): Progressive course of symptoms after an initial course of a relapsing remitting pattern with or without periods of regression or stability.
4. Progressive relapsing MS (PRMS): The rarest type. This particular presentation shows as disease that continuously progresses and worsens.
The treatments of multiple sclerosis, which can be effective at relieving the symptoms, usually have no or little effect on the actual demyelination and immune disturbances. There is no available cure. Physicians usually start with corticosteroids (8) (9) (10) . Interferons, Natalizumab, Fingolimod, Glatiramer Actetate and others may allow to hit one or more of the abnormalities found in MS rather than restore the normal immune balance and that explains the lack of full remissions or cure with all these medications carrying the price tags of several thousands of dollars yearly (9) (10) (11) .
Other strategies involve attacking the leukocyte specific adhesion molecules, tipping the balance to producing immune suppressors like IL-4, IL-10 and TGF-beta, inhibiting IL-2, blocking certain specific molecules like CD20 and CD52 have been shown to control MS at least for a period of time (9) (10) (11) (12) (13) .
The BM-MNSCs are progenitor cells with regenerative and immune modulatory and growth stimulating properties. They may induce angiogenesis and differentiate into different types of cells of the nervous system. The BM-MNSCs include the hematopoietic and mesenchymal cells found in the bone marrow in small numbers (14) (15) (16) .
The BM-MNSCs have been found in several studies to be well tolerated and to have the ability to generate neurons, counteract fibrosis and oxidation. Those cells were considered for several reasons safe and effective. They are easy to handle technically and to inject using sterile methods (16) (17) (18) (19) .
Stem cell therapies have given the MS and neuro-regenerative fields a breath of hope with the promise of regenerating and immune modulating properties. The stem cell immune modulator properties make them capable of breaking the process that leads to MS. Stem cells have several useful properties including their ability to self-renew, remodeling, differentiation, immune modulation, and immune balance restoration. Mesenchymal stem cells are also known to be immune modulators, a property that may be of utmost importance (20, 21) .
To quantify, monitor and evaluate the MS patients receiving this therapy we resorted to the EDSS which is a validated, reproducible tool that quantifies disability in eight Functional Systems and allows to quantitatively assign a Functional System Score in each case (22) .
There has been a lot of data but a scarcity of randomized studies. In 2011, Connick et al. administered intravenous autologous bone-marrow-derived mesenchymal stem cells at a mean dose was 1.6×10 6 cells per kg to secondary progressive MS patients in an open-label study. They noted improvement after treatment in visual acuity and visual evoked response latency with an increase in the optic nerve area. They concluded that it probably worked by neuro-protection (23).
Patients and Methods
Starting in 2009, patients with MS were enrolled sequentially on this study using bone marrow derived stem cells. The study was reviewed and approved by the scientific committee and Institutional Review Board at the hospital. The patients had to have confirmed disease by 2 neurologists based on the clinical picture, the MRI showing progression on two occasions, and the presence of change over time correlating with the MRI findings. The patients had also to have progressive disease despite treatment using at least 2 standard lines of therapy and have adequate renal, hepatic, pulmonary and cardiac functions. All patients signed an informed consent and received full explanation of the protocol, expected outcomes and adverse events.
The patients were given 3 days of Granulocyte-colony stimulating factor at 10 mg/kg divided in 2 equal doses prior to bone marrow collection. On the day of the procedure, the bone marrow was collected under sterile conditions under local or general anesthesia and adequate sedation. About three milliliters per kg of marrow were collected from the posterior iliac crests bilaterally. Six access sites were used to aspirate the marrow. The marrow was aspirated using a gauge 8 Jamshidi needle into a syringe containing heparin sodium at 10% concentration. The collected BM-MNSCs were separated using density gradient centrifugation before counting the cells using a Neubauer chamber. The cells were subjected to microbiologic, microscopic, and serologic testing. The resulting cells were re-suspended to prepare 5∼10 ml BM-MNSCs to be injected intrathecally.
The intrathecally injected cells were adjusted to about 0.5 million mononuclear cells per kilogram of body weight at the L4∼L5 level under sterile conditions and the rest of the cells were given intravenously. Table 1 shows the patients' characteristics before treatment.
Results
22 sequential patients, 10 males and 12 females aged 22 to 56 years were accrued. Seven patients were classified as having the SPMS type, eight as PPMS, and seven as RRMS. Pretreatment EDSS scores ranged between 1 and 8.5 with an average of 5.5 ( Table 1 ).
The patients tolerated the procedures well in general with manageable pain at the site of bone marrow aspiration in most patients. Headaches due to sterile meningitis and fever occurred in 12 of the 22 patients (54%) but were easily treated with steroids and pain medications. One patient had nausea and vomiting that lasted for few hours and was easily controlled. Two patients were non evaluable for response due to loss of follow up. Fig. 1 shows an interesting phenomenon we observed on the MRIs demonstrating a significant decrease in the number and intensity of some of the demyelinated areas after the treatment.
16 of the 20 evaluable patients improved as assessed by their EDSS score (80%). The responses were in general durable ( Table 2 ). The improvement was 1 point on average on the EDSS score (Fig. 2) . In many, it meant being able to ambulate or eat independently when they needed much more help in the past and that resulted in significant subjective quality of life improvement.
There were no other long term effects noted to prevent repeating the procedure where it was found to be useful. There were also no issues to prevent the use of other therapies especially the newer agents where the neurologist felt the necessity. The response seems to vary from one patient to another as reported in other studies (16, 19) although it was our impression that the lesser the symptoms and their duration, the better the response in general ( Table 2 ). The pathobiology of the disease makes it a logical conclusion given the fact that the inflammatory process is at least partially reversible up to the point of neuronal death where it becomes permanent.
Statistical Analysis
When comparing the pre and post EDSS scores, we found a trend towards improvement of the patients' functional capacity but the p value did not reach statistical significance probably due to our sample size and the study design as a phase II rather than a randomized trial. However, comparing the expected EDSS scores to the post treatment values, the p value and statistical significance improved significantly to a two-tailed p value of 0.04. One has to keep in mind that the patients' progression can be unpredictable and does not usually follow a clear pattern.
The 95% confidence interval was −1.003 to 2.653 with a mean of 5.3 before treatment and 4.475 after therapy. The standard deviation widened from 2.5 to 3.2 post treatment indicating the difference in responses seen among patients. Even when the expected worsening is accounted for, the improvement shows a wide standard deviation again reflecting the variations among the patients' responses.
Discussion
The available treatments for MS usually aim at providing symptom relief with no or little effect on the intricate pathobiology of the disease, effector cells and intermediary molecules. There is no available cure but rather calming treatments to maintain function for as long as possible.
Due to the presence of a big gap in the treatment of MS and the major permanent disability that results, we felt the need to look for alternative ways and new approaches to treat this disease.To assess the patients, we used a validated assessment tool which is the EDSS score.
Several growth factors like G-CSF, Stem Cell Factor (SCF), the fibroblast growth factor (FGF) and others may help reduce the ischemia and enhance the migration and proliferation of the stem cells. There is evidence that the growth factors like the ones released from the stem cells may help improve neuronal regeneration (24) .
The transplanted bone marrow cells infiltrate the brain and may help regenerate new elements or combat the neurodegenerative process, fibrosis and oxidative insults. Several studies reported significant improvement among patients with neurodegenerative conditions with no significant adverse events. In this study, we report a significant improvement in 80% of the patients treated for progressive MS with minor adverse events and great tolerability as reported by other groups (16, 19, 25) . Chaitinya et al. and others used BM-MNSCs to treat Cerebral Palsey, giving five intrathecal injections, they reported significant clinical improvement with no safety issues (16, 26) .
The Bone marrow contains several types of progenitors including the hematopoietic and mesenchymal stem cells in addition to mature differentiated cells. There are several likely mechanisms of action. The BM-MNSCs seem to concentrate in injured areas and act through paracrine effects to reduce the inflammatory process. The BM-MNSCs also contribute to vascular repair and stimulate endogenous stem cells to proliferate and contribute to the repair process. The BM-MNSCs may generate neurons; counteract fibrosis and oxidation (27) (28) (29) .
Conclusion
There are several auto-immune conditions that reportedly showed a good response to stem cell therapy using different methods. These conditions include Crohn's disease, graft versus host disease (GvHD), lupus, and others (30) .
In this report, we summarized the course of 22 patients treated with bone marrow derived stem cells. The cells were given using intravenous and intrathecal routes. Our list of patients adds to the current evidence that the BM-MNSCs are safe and partially effective in many patients with MS.
Those cells can be combined with other immunotherapeutic approaches as well as growth factors in the future and tested extensively in phase III studies to demonstrate and prove their efficacy beyond doubt. The injections could be repeated theoretically to sustain the improvement or add to it over time should the patient benefit from this approach. It is not clear at this time what is the best number of injections, the injection schedule, or whether it is beneficial to add growth factors to maximize this effect.
It is also important for the regulatory agencies to keep up with the progress being made in the stem cell science and assist in its proper implementation and benefit. A very large number of hurdles remain but we have to keep in mind the special aspects of this line of therapy requiring new methodologies to keep abiding by the scientific methods and medical ethics. The very concept of cellular therapy entails a fundamental new look at our concepts of pharmacodynamics and pharmacokinetics along with new roles for using new differentiation growth factors and special in vivo microenvironments reaching a re-definition of the different phases of the clinical studies.
Cell therapy may be the future pathway to solve a large number of debilitating and disabling situations if we can channel this effort into the correct paths.
